In this article, we seek to confirm past studies that document increased levels of cardiovascular disease (CVD) risk factors among White men with lower educational attainment Second, we include a population of Hispanic men (89% Mexican American) to examine the separate and interactive effects of ethnicity and education (our measure of socioeconomic status) on CVD risk factors. Third, we examine how education and ethnicity are related to receiving health messages from print media and interpersonal channels, with the hypothesis that less educated, higher CVD risk Hispanic and White men receive fewer messages than more educated men. Finally, we examine other psychosocial variables (eg. knowledge, self-efficacy and motivation) that may help explain observed differences in CVD risk and health communication. The study sample included 2029 men, 25-64 years of age, from three population-based, cross-sectional surveys conducted from 1979 to 1990 as part of the Stanford Five-City Project Hispanic and White men with lower educational attainment had higher levels of CVD risk factors, and received less health information from print media and interpersonal channels than Hispanic and White men with higher educational attainment Furthermore, less educated men from both ethnic groups reported less 
Introduction
The strong inverse relationship between socioeconomic status (SES) and cardiovascular disease (CVD) risk factors is well established in the US and other developed countries (Kraus et al., 1980; Marmot et al., 1987; Kaplan and Keil, 1993; Adler et al., 1994) . For CVD, the leading cause of mortality in the US, areas with the poorest socioenvironmental conditions have experienced delayed declines for cardiovascular mortality (Tyroler et al., 1993) . In addition, SES differences in CVD have widened for both White and ethnic minority men over the past two decades (Feldman et al., 1989) , and community-based interventions to reduce CVD had little (Winkleby et al., 1992a) or no (Helmert et al., 1993 ) effect on SES differences in CVD. Understanding the effects of SES on CVD mortality is complex because SES differences persist even after controlling for known CVD risk factors and access to health care (Marmot et al., 1987) .
Many studies also show a strong relationship between ethnic minority status and CVD risk factors. Although ethnicity has been incorrectly used as a proxy variable for SES, ethnicity is often independently related to health or is related to health through interactive effects with SES (Adler et al., 1994) . Although distinguishing the interrelated effects of ethnicity and SES on health indicators has been advocated (Centers for Disease Control and Prevention, 1993) , until recently this practice has been uncommon and few studies have disentangled such inter-relationships (Winkleby et al, 1993) . As a result, understanding how SES and ethnicity relate to the burden of CVD has been identified as a priority area for epidemiologic research (National Heart Lung and Blood Institute, 1994) . Moreover, CVD risk reduction strategies must reach those at greatest risk to reduce the ethnic and SES disparities in CVD (Mitchell et al., 1990; Lynch, 1996) . Unfortunately, certain ethnic minority and low SES groups appear to have less exposure to health-related messages and discuss health topics less often than non-minority and higher SES groups (Hazuda et al, 1983; Jackson et al., 1991; Freimuth, 1990; Brannstrom, 1994) .
In this article, we seek to confirm past studies that document increased levels of CVD risk factors among White men with lower educational attainment. Second, we include a population of Hispanic men to examine the separate and interactive effects of ethnicity and education (our measure of SES) on CVD risk factors. Third, we examine how education and ethnicity are related to receiving health messages from print media and interpersonal channels, with the hypothesis that less educated, higher risk Hispanic and White men receive fewer messages than more educated men. Finally, we examine other psychosocial variables (e.g. knowledge, self-efficacy and motivation) that may help explain observed differences in CVD risk and health communication.
The analysis focuses on men because of their greater rates of premature and overall CVD at all ages, and because SES gradients for overall mortality are steeper among men than among women (Koskinen and Martelin, 1994) . Our sample included both White and Hispanic men, which allowed us to study the separate and interactive effects of ethnicity and education on CVD-related factors. Such analyses are important because few CVD studies include Hispanic men and because Hispanics are not only the fastest growing segment of the US population, but will also be the largest ethnic minority group by the year 2010 (Flack et al, 1995) .
Method
Data are from the Stanford Five-City Project, a community-based CVD risk reduction study conducted in Northern California during the 1980s. Two treatment and two control cities, ranging in population size from 35 000 to 145 000 were selected for risk factor change assessment. A fifth city was monitored for change in morbidity and mortality only. The Five-City Project includes data from five independent, cross-sectional surveys of randomly selected households in each of the four cities. All persons ages 12-74 were invited to attend survey centers in each community where comprehensive information on the respondents' demographic background, CVD risk factors and medical history was collected. Detailed descriptions of the study design and methodology have been published previously (Farquhar et al., 1985) .
This analysis includes 243 Hispanic and 1786 White men, 25-64 years of age, who were interviewed in one of three cross-sectional surveys conducted at 5 year intervals: 1979-80, 1984-85 or 1989-90 . Response rates were 66.1, 57.9 and 60.8%, respectively, and did not differ appreciably for Hispanic and White men. Each survey wave consisted of approximately 675 men. The analysis includes men from both the treatment and control cities, and takes city into account in the regression analyses.
Definition of variables
There are three primary outcome variables, a measure of coronary heart disease (CHD) risk and two communication variables; interpersonal health discussion and health-related print media usage. For the CHD risk variable, we used a composite risk factor function based on the Framingham study, which provides an estimate of CHD morbidity and mortality events per 1000 persons in 12 years (Truett et al., 1967) . The risk function is genderspecific and is a weighted combination of age in years, cigarettes smoked per day, total plasma cholesterol, systolic blood pressure and relative weight. This composite measure avoids problems of multicollinearity and multiple-hypothesis testing, and thus provides a more powerful method of testing the hypotheses than using separate risk factors.
Information on variables used in the CHD composite risk function was obtained by nurses and laboratory technicians during 1 h visits to clinical centers in the four cities. Respondents were asked if they had smoked any cigarettes in the past week and, if so, how many on a typical day. Overall smoking status was biochemically verified, and previous analyses have shown a high degree of correspondence between self-reported and biochemical measures of smoking . Total plasma cholesterol was derived from non-fasting venous samples and analyzed by standard methods established by the Lipid Research Clinic Program (US Department of Health Education and Welfare, 1974) . Three blood pressure measurements were taken on the right arm with a semiautomatic recorder that minimized observer bias. The mean of the second and third systolic readings was used for analyses.
Health communication variables
The two health communication outcome variables were assessed by trained staff interviewers. Interpersonal health discussion, which assessed whether the respondent had talked to anyone (yes/no) about CVD, nutrition, smoking or exercise in the past week, was based on four items (Cronbach's a = 0.50). Use of healthrelated print media assessed the frequency with which health information was obtained from newspapers, magazines and mailed pamphlets. It was based on four items (a = 0.70). Higher scores reflect greater interpersonal health discussion and greater print media use.
Psychosocial variables
The following four psychosocial variables were assessed with self-reported questionnaire data: CVD knowledge, self-efficacy to change health behavior, motivation to reduce CVD risk and perceived CVD risk. CVD knowledge was based on 17 multiple choice/true-false questions about CVD risk factors (a = 0.66). Self-efficacy to change health behavior was based on four diet and exercise items (a = 0.79). Perceived CVD risk was based on one question, 'How likely are you to get heart disease?', with a seven-point scale ranging from 'Definitely will not get heart disease' to 'Definitely will get heart disease'. Health motivation, which assessed the level of interest in reducing CVD risk factors, was assessed by one question with a seven-point scale ranging from 'Extremely uninterested' to 'Extremely interested'. Higher scores reflect higher health knowledge, self-efficacy, perceived risk and motivation to change.
Education
Education was selected as our measure of SES rather than income or occupation, the other primary indicators of SES, because education shows greater stability by early adulthood, is available for all individuals despite their employment status, is not influenced by poor health among adults (Mueller and Parcel, 1981; Liberatos et al., 1988; Kaplan and Keil, 1993) and has been shown to have the strongest association with CVD risk factors in this population (Winkleby et al., 1992b) . Education was recorded as the highest number of years of formal schooling completed. It was used as a continuous variable in statistical models and is divided into the following categories for data presentation: below 12 years (less than high school), 12 years (high school graduate), 13-15 years (some college or technical school) and above 16 years (college or postgraduate).
Ethnicity
Due to the small number of respondents from 'other' ethnic groups, only Hispanics and Whites were included in these analyses. Ethnicity was determined by asking participants, 'In which ethnic group do you consider yourself?'. Those who chose the Caucasian or White category were considered White (non-Hispanic) and those who chose 'Mexican/Chicano/Mexican American, Central or South American' or 'other Spanishspeaking heritage' are considered Hispanic. Eighty-nine percent of the Hispanics in this analysis were of Mexican American origin. Because respondents' self-identified ethnicity was not collected in the 1984-85 survey, we coded ethnicity using a Spanish surname program developed by the Census Bureau and validated the method by examining data from the 1979-80 and 1989-90 surveys (Winkleby and Rockhill, 1992) . We did not examine the effect of acculturation (as measured by primary language spoken at home) in our models because of die high collinearity between acculturation and our primary independent variable, education level. Besides collinearity, there was restricted variability in the acculturation variable because more than 90% of the Hispanic men in our sample were considered well acculturated, as indicated by being English speaking at home. The education level variable, in contrast, showed adequate levels of variability.
Statistical model
For descriptive purposes, we present the sociodemographic, CHD risk factor and psychosocial variables by the four levels of education. For each of these variables, the interaction and main effects of education and ethnicity are tested. We also conducted multiple linear regression modeling with the composite CHD risk function, health-related print media use and interpersonal health discussion as outcome variables. The predictor variables in each regression model were ethnicity (Hispanic or White), education (years of schooling), age (years), city (four cities), time of survey (three surveys), and the first-order interaction terms of education X ethnicity and education X age. The education X age interaction was tested because our prior studies have found that media usage significantly varied by level of education and age (Schooler et al., 1993) . All three regressions were conducted using agecentering of variables (i.e. individual age -group mean age) to improve the interpretation of the beta coefficients. Table I presents descriptive data and health-related risk factors for the 243 Hispanic and 1786 White men in the sample. A greater proportion of Hispanic men had fewer than 12 years of education man did White men. Also, at each educational level, Hispanic men were younger than White men. Most Hispanic and White men were long-term community residents with approximately 85% living in the community 3 years or more.
Results
Level of education was significantly and inversely associated with all CHD risk function variables except number of cigarettes smoked per day. Ethnicity was associated with most risk function variables; Hispanics were significantly less likely to smoke, smoked far fewer cigarettes daily, had lower blood pressure, but were heavier than White men. There were two significant educationXethnicity interactions: less educated Hispanic men were substantially less likely to smoke than less educated White men; more education was associated with lower cholesterol levels in White, but not in Hispanic men.
There were also significant main effects of education and ethnicity for the psychosocial variables, but no interactive effects. Education was positively associated with CVD knowledge, selfefficacy to change health behavior and motivation to reduce CVD risk, and was inversely associated with perceived CVD risk. There were two significant main effects of ethnicity; one for CVD knowledge, whereby Hispanic men had lower knowledge scores than White men at all educational levels, and one for motivation to reduce CVD risk, whereby Hispanic men reported slightly higher motivation to reduce risk. Table II presents the results of the multiple linear regression analyses for the three outcome variables: CHD risk function, interpersonal health discussion and use of health-related print media. Education was significantly associated widi all (1979-80, 1984-85 and 1989-90) 6.0 ± 3.0 6.4 ± 3.1 Mean self-efficacy to change health behavior score ± SD Hispanic White 4.4 ± 1.9 4.9 ± 2.2 5.7 ± 2.0 5.3 + 2.0 Mean motivation to reduce CVD risk ± SD Hispanic White 6.3 ± 1.6 5.9 + 2.1 Mean perceived CVD risk score ± SD Hispanic White 3.6 ± 1.7 3.9 ± 1.8
6.5 ± 1.7 5.9 + 1.9
4.0 ± 1. 6.5 ± 2.8 7.8 ± 3.2 5.9 ± 1.8 5.6 ± 1.9
6.3 ± 1.9 6.1 ± 1.9
3.8 ± 1.6 3.7 ± 1. 6.3+ 1.8 5.9 ± 2.0 6.5 ± 1.8 6.5 ± 1.8 3.9 ± 1. ''Percent hypertensives is not part of the CHD risk composite score. Hypertensive was defined as blood pressure 140/90 or higher, or currently taking blood pressure medication. Ttelative weight was computed by dividing actual weight by the ideal weight (as determined by the 1983 Metropolitan Life tables). ''Higher scores reflect higher health knowledge, self-efficacy, motivation to change and perceived risk. (1979-80, 1984-85 and 1989-90) three outcome variables, showing that more education is independently associated with lower CHD risk, more interpersonal health discussion and greater use of health-related print media. Ethnicity was significantly associated with two outcome variables, showing that White men had greater CHD risk, but reported more interpersonal health discussion than did Hispanic men. The decrease in CHD risk with increasing education was greater in White than Hispanic men, as represented by the significant education X ethnicity interaction term in Table II , which is graphically shown in Figure 1 . Thus, the least educated White men had the highest CHD risk, which was partly due to higher smoking rates in White versus Hispanic men. To examine whether the ethnic difference in CHD risk was attributable to less educated White men being older than the less educated Hispanic men, we conducted an ancillary analysis. We created age-matched pairs (±1 year) among the least educated Hispanic (n = 105) and White men (n = 129), which resulted in 63 matched pairs. Among these matched pairs, the mean age of Hispanic (42.2 years) and White men 1979-80, 1984-85 and 1989-90 , pooled across four cities.
matched Hispanic men (6.1 unmatched). Survey time period was inversely related to CHD risk, indicating the CHD risk levels declined over time. City of residence was also related to CHD risk with Monterey exhibiting higher average risk levels than the reference community of San Luis Obispo. The relationship between the health communication variables and level of education is shown in Figure 2 . These results show that men with greater educational attainment engage in more discussions about various health topics and report more use of health-related print materials. The significant education X ethnicity interaction term for interpersonal health discussion suggests that at the lowest level of educational attainment, Hispanic men discuss fewer health topics than do White men.
Discussion
The purposes of our study were to confirm previous studies that indicate that lower educated White men are at greater risk for CVD than higher educated White men, to examine ethnic (Hispanic and White) and SES (as measured by education level) differences in CVD risk, and to examine the inter-relationship between CVD risk, SES and ethnicity. Moreover, we sought to determine whether men with greater CVD risk reported receiving fewer health messages from print media and interpersonal channels. Our study hypotheses were confirmed: less educated White men were at the greatest risk for CVD; White men had higher CVD risk than did Hispanic men; less educated, higher CVD risk men reported obtaining fewer health messages from print media and engaged in fewer discussions about health matters than more educated, lower CVD risk men. Education emerged as a significant predictor for each outcome variable in the regression models that controlled for potential confounding from age, time of survey and city of residence. Besides the significant main effect of ethnicity for CVD risk, there was a main effect for interpersonal health communication, with Hispanic men reporting less interpersonal health communication than White men. It should be noted that the disproportionate CHD risk between Hispanic and White men at the lowest educational level might be attenuated if diabetes, which is more prevalent in Hispanic men, had been included in the CHD risk function.
Similar educational and ethnic differences were also observed for the psychosocial variables. Men in our study with more education possessed greater knowledge about CVD, supporting prior findings from the National Health Interview Survey (NHIS), which showed that white-collar men, who also had more education than blue-collar men, were more knowledgeable about CHD risk factors (Nourjah et al, 1994) . Hispanic men in our sample, despite their lower CVD risk, had less CVD knowledge than did White men. This finding is consistent with previous work that suggests that ethnic minority populations and individuals with less education are generally less knowledgeable about diseases, thencauses and about preventive health services (Freimuth, 1990) . Because the psychosocial variables were assessed by participant self-report, some caution is warranted in interpreting these findings.
That CVD knowledge varies by educational level and ethnicity highlights the significance of what has been termed the 'knowledge gap hypothesis' (Freimuth, 1990; Viswanath et al, 1993) . This hypothesis suggests that individuals with more education acquire information presented through mass media faster than individuals with less education. Consequently, the gaps in knowledge between less and more educated individuals should increase rather than decrease over time as new information is disseminated via mass media. The knowledge gap hypothesis, applied to the topic of health information, has only been partially supported by past intervention studies (Freimuth, 1990) . Although gaps in health knowledge frequently exist between lower and higher SES groups, mass media interventions usually do not increase knowledge gaps, but leave them unchanged or actually reduce them. In the Stanford Five-City Project, knowledge gaps between lower and higher educated men and women were not increased when health information was disseminated in the intervention communities (Roser et al., 1990) , whereas knowledge gaps did increase over time in the control communities (Davis et al., 1995) . Furthermore, in a small study of two paired communities in Minnesota, a cardiovascular risk reduction intervention was related to reducing the gap between less and more educated men and women (Ettema et al., 1983) . The underlying cause for gaps in health knowledge by education level may be due to differences in individuals' level of interest or motivation for acquiring information instead of their educational background (Ettema et al., 1983) , although both may matter (Viswanath et al., 1993) .
In general, our findings present a troubling picture of lower educated White men who are at highest risk for CVD death. These high-risk men report receiving less information about CVD through print media or interpersonal sources, have less CVD knowledge, report less motivation to change their CVD risk and feel they are less efficacious to make the changes needed to reduce their risk than higher educated men. Although lower educated White men reported greater perceived CVD risk, their perceived risk level significantly underestimated their actual risk. That is, the lowest educated White men had perceived CVD risk scores 8% higher than the highest educated men, but had 135% greater CHD risk according to the CHD risk function.
The presence of the significant ethnicity X education interaction for CHD risk confirms prior work that suggests that ethnicity and education are not merely proxies for each other. Thus, it is important not only to examine both variables to understand their separate and interactive effects, but to understand their different mechanisms for influencing cardiovascular health.
We highlight the finding that the education gradient for CHD risk in White men appears to be non-linear. Men with less than 12 years of education have a steeper CHD risk slope than men with 12 years or more of education. This is consistent with data presented by Adler et al. (1994) that shows there may be two distinct slopes when SES variables are plotted against mortality. This also highlights the need to accelerate CVD risk factor change in lower socioeconomic status individuals (Feldman et al, 1989; Pappas et al, 1993) .
Implications for interventions
Data presented here suggest several implications for intervention studies. Clearly, the least educated Hispanic and White men have the greatest need for risk reduction, both through policy level changes and special targeted interventions (Winkleby, 1998) . For Hispanic men, priorities for intervention programs include increasing knowledge of CVD and reducing obesity. Despite the importance of transmitting information through the spoken word in Hispanic cultures [Policy and Research-National Committee of Hispanic Health and Human Services Organizations (COSSMHO), 1995], lowest educated Hispanic men reported discussing fewer health-related topics than any other subgroup; this group reported on average discussing about 0.5 topics weekly, compared to nearly two topics for the highest educated Hispanic and White men. Stimulating greater interpersonal discussion about health topics should be examined for its potential to motivate behavior change among Hispanic men. For less educated White men, interventions should target high rates of smoking, hypertension and cholesterol. Furthermore, interventions should also build upon understanding potential mediators of these physiological variables, such as low CVD knowledge, low self-efficacy to change health behavior, low motivation to reduce CVD risk factors and less health communication.
Special targeted intervention approaches and multilevel interventions may have strong potential for reaching less educated men who have the highest CVD risk. Print materials, especially if not adapted for lower literacy levels, are likely to have limited effectiveness. Less educated men and women in the Stanford Five-City Project generally reported accessing health-related print materials at about one-half the rate of those with more education (Jackson et al, 1991) , suggesting the need for materials and strategies designed for less literate populations (Plimpton and Root, 1994) . Disseminating messages through mass media channels, such as television and radio, may also be effective among individuals with less education, especially if the health messages are straightforward and concrete.
There has been progress recently in developing ethnically tailored interventions for Hispanics and other diverse racial and ethnic groups (Ramirez et al, 1988; Mann and Perez-Stable, 1994; Castro et al, 1995) . Besides being sensitive to ethnic heritage, many programs focusing on Hispanics rely on the importance of Hispanic family structure and local health providers, and focus on community role models or lay health advisors (Ramirez et al., 1988; Castro et al, 1995) . To deliver culturally relevant interventions for Hispanics, the Stanford Three Community Study employed bilingual media specialists, developed culturally specific materials and relied on radio to deliver interventionsfactors that likely contributed to the significant dietary improvements in Spanish-speaking individuals. In fact, in the treatment towns Spanishspeaking participants reduced by 43.2% their dietary saturated fat consumption compared widi a 27.1% reduction for English-speaking participants (Fortmann et al, 1982) . In addition to considering educational level and ethnicity, interventionists also need to be aware of gender. Compared with women, men in general engage in more risky behaviors, smoke more, place less value on preventive medical care, visit health care providers less often and rate health as being less important (Verbrugge, 1985; Waldron, 1988) . Given these challenges, multilevel efforts including public policy and passive-environmental interventions can help improve men's health without requiring their active participation in health promotion activities. Another strategy to reach men, who may not participate in planned health promotion activities, may be dirough the involvement of a man's family, spouse or partner (Sallis and Nader, 1988) .
In addition to the much-needed efforts underway to enhance women's CVD health and the health of ethnic minority populations, less educated White men cannot be forgotten if continued progress is to be made in lowering the disease burden of CVD. Besides having greater premature mortality and higher levels of CVD risk factors than women, there are more than 12 million White men in the US who have not completed high school. Although fewer in absolute numbers, 2.8 million Hispanic men, halfof all Hispanic men, have not completed high school (US Bureau of Census, 1990) .
Certainly the underlying causes of the disparities in morbidity and mortality are complex, and are likely a function of biologic, genetic, behavioral, social and economic causes (Kaplan and Keil, 1993; Adler et al., 1994) . In this study, we have focused primarily on the interplay of education, ethnicity, cardiovascular risk, health communica-tion and other psychosocial variables to help understand ethnic and SES differences in CVD risk factors. Educational level may be related to CVD mortality, in part, either because of less healthrelated communication occurring within high-risk subgroups or because CVD risk reduction approaches may not have successfully reached and engaged high-risk subgroups. It is also possible that a person's educational level may affect their receptivity to standard health messages, which often do not take literacy and other factors into account (Blane, 1995) . Finally, individuals with high CVD risk may not seek out such messages because of more immediate health, economic or family concerns.
In this analysis, we found that men at highest risk for CVD had the lowest educational attainment, and reported lower rates of accessing health-related print materials and engaging in interpersonal health discussions than men with higher • educational attainment. This was especially true for White men. A major challenge, therefore, exists for health educators and professionals to involve men with low educational attainment as active participants in health promotion and disease prevention programs, and to deliver information more effectively to reduce existing disparities in CVD morbidity and mortality.
